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ABSTRACT 
 
 
 
 
The use of photovoltaic (PV) system as an alternative energy technology for 
supplying clean energy become popular nowadays due to the reduction of 
investment capital cost. However, harmonic produced by the inverter of the PV 
system has led to power quality issue in the power grid. Therefore, it is highly 
important to control and reducing the amount of harmonic contributed by the PV. 
There are many existing modulation technique that had been proposed to minimize 
the content of the harmonic which include the use of single wave pulse-width PWM, 
multi-wave PWM, carrier-based PWM, sine-wave PWM and space vector PWM. In 
this report, a new methodology to eliminate the selective harmonic by using the 
harmonics elimination PWM (HEPWM) as the modulation scheme of the PV 
conversion system is proposed. Heuristic based algorithm approach of Modified 
Particle Swarm Optimization (MPSO) has been deployed in MATLab software to 
solve the nonlinear transcendental equations of the HEPWM. MPSO algorithm 
doesn’t required a good initial estimation and can be simple to be implemented with 
a powerful computer.  Therefore, the main objective in this study is to determine the 
optimal switching angles for the multilevel inverter of the PV system. The obtained 
switching angle is used to control the multilevel inverters in order to synthesize an 
output stepped voltage waveform with minimum harmonic content. The simulation 
results show that the specific lower order of harmonics for the inverter can be 
removed and the overall voltage total harmonic distortion (THD) level can be 
reduced. 
 
 
 
 
 
 
 
vi 
 
 
 
ABSTRAK 
 
 
 
 
Penggunaan sistem photovoltaic (PV) sebagai teknologi tenaga alternatif 
untuk membekalkan tenaga bersih menjadi popular pada masa kini disebabkan oleh 
pengurangan kos modal pelaburan. Walau bagaimanapun, harmonik yang dihasilkan 
oleh penyongsang mempunyai masalah dengan grid kuasa. Oleh itu, sangat penting 
untuk mengawal dan mengurangkan jumlah harmonik yang disumbangkan oleh PV. 
Terdapat banyak teknik modulasi sedia ada yang telah dicadangkan untuk 
mengurangkan kandungan harmonik yang termasuk penggunaan tunggal gelombang 
nadi-lebar PWM, pelbagai gelombang PWM, PWM berasaskan kapal pengangkut, 
PWM sinus gelombang dan ruang vektor PWM. Dalam laporan ini, satu kaedah baru 
untuk menghapuskan harmonik terpilih dengan menggunakan PWM harmonik 
penyingkiran (HEPWM) skim modulasi sistem PV penukaran adalah dicadangkan. 
Heuristik berasaskan pendekatan algoritma Modified Particle Swarm Optimization 
(MPSO) telah digunakan dalam perisian MATLab untuk menyelesaikan persamaan 
rohani tak linear HEPWM itu. Algoritma MPSO tidak diperlukan anggaran awal 
yang baik dan boleh menjadi mudah untuk dilaksanakan dengan sebuah komputer 
yang berkuasa . Oleh itu, objektif utama dalam kajian ini adalah untuk menentukan 
sudut pensuisan optimum bagi penyongsang pelbagai peringkat sistem PV. The 
beralih sudut diperolehi digunakan untuk mengawal penyongsang pelbagai peringkat 
untuk mensintesis output melangkah bentuk gelombang voltan dengan kandungan 
harmonik minimum. keputusan simulasi menunjukkan bahawa usaha yang lebih 
rendah tertentu harmonik untuk penyongsang boleh dikeluarkan dan jumlah tahap 
voltan keseluruhan herotan harmonik (THD) dapat dikurangkan.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of Study 
 
 
The increasing demand of photovoltaic (PV) system as a distributed 
generation connected to the power grid rise the concern of power quality issues in the 
utility grid. This grid connected PV system uses static inverter to covert dc voltage of 
the solar panel to a changeable amplitude and frequency output voltage of sinusoidal 
ac form in order to fulfill the requirements of load. However, this conversation has 
caused a great amount of current harmonics injected into the power grid when large 
quantities of inverters were installed in the PV system plant. Hence, it is expected 
that the harmonic content of each individual PV system plant need to be controlled 
and minimized before delivery of power to the load. 
 
 
There are several pulse width modulation (PWM) techniques adopted for the 
dc-ac inversion, such as single or multi-wave technique, carrier based technique, sine 
wave technique, space vector technique and the selective harmonic elimination 
technique. Nevertheless, the most regularly used methods to perform such inversion 
is the carrier based PWM. Generally, PWM uses a sequence of width modulation 
pulses to form a sinusoidal ac voltage. With the increased number of pulses toward 
finite number of pulses, the total harmonic distortion (THD) of load voltage can be 
decreased. Hence, the amplitude of the output voltage can be controlled by the PWM 
and the size of filter in the PV system can be reduced for minimization of the 
harmonic content.  
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1.2 Problem Statement 
 
 
The widely integration of PV system with the utility power grid has caused 
the heavily used of inverter in the system. Cascaded multilevel inverter has been 
commonly selected for the PV system due to the advantages of higher power and 
without the need of transformer. However, the switching of huge amount of power 
electronic switches in the cascaded multilevel inverter has initiated high harmonics 
into the system. The key problem remain encountered in such application is the 
reduction of THD value in order to meet the IEEE 519 standard.  
 
 
There are many existing way of harmonics control schemes for the cascaded 
multilevel inverter, one of which is the Harmonics Elimination PWM (HEPWM) 
methods. However, solving the non-linear transcendental equations of the HEPWM 
which describing the harmonics is the foremost difficulties in such techniques. These 
non-linear equation can be solved by using Newton-Raphson (NR) iterative method, 
but it is not suitable when a large amount of switching angles are involved, in which 
it required an initial guess close to the solution. Besides that, resultant theory can 
also be applied to solve the transcendental equations by converting them into 
equivalent set of polynomial equations. However, solving the polynomial equations 
is very difficult for removal of high number of harmonic.  
 
 
Lately, heuristic methods such as genetic algorithm, particle swarm 
optimization, ant colony optimization, bee algorithm and etc. have been commonly 
applied for eliminating of the selective harmonic in the cascaded multilevel inverter. 
Nevertheless, an effective and superior convergence technique is certainly desired to 
solve the complicated harmonic problem by the cascaded multilevel inverter used in 
the PV system.          
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1.3 Objectives of Project 
 
 
The main objective of the project is to analyze on the outcome of the 
harmonic content produced by the PV system with implementation of the Modified 
Particle Swarm Optimization (MPSO) method in generating the optimal switching 
angles for the seven level cascaded multilevel inverter.  
 
 
Following are the objectives that need to be achieved for the study:- 
 
1. To implement the HEPWM based technique of MPSO algorithm in MAT 
Lab software to solve the non-linear transcendental equations. 
 
2. To identify the optimal switching angles for the seven level cascaded 
multilevel inverter of the PV system. 
 
3. To eliminate / minimize the 3th and 5th harmonic order component of the 
seven level cascaded multilevel inverter and further reduce the THD of the 
PV System. 
 
 
 
 
1.4 Scope of Project 
 
 
This study focus on the modeling and simulation of the seven level cascaded 
multilevel inverter with MPSO algorithm for the PV system using MATLab / 
Simulink software. As far as this study is concerned, only third and fifth harmonics 
order are to be eliminated using the MPSO algorithm in order to reduce the overall 
THD of the PV system. The optimal switching angles and THD results obtained from 
the simulation are then analyzed in relation to the manual calculation. 
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1.5 Significance of Project 
 
 
Problems with regards to the harmonics in the power system are infrequent 
but it is possible for a number of unwanted effects to happen.  The presence of high 
levels of harmonics distortion in the power systems can give rise to several issues 
such as overheating of transformers, motors, lines and cables. Particularly, the third 
harmonic order upsurges zero sequence current and consequently increases the 
current in neutral conductor. Moreover, it can cause interference to the 
communication system and result in failure of equipment. Besides that, inaccurate 
readings on meters and incorrect operation of protection relays due to the existence 
of harmonics have affected the power operator with high economic losses.  
 
 
Therefore, it is highly important to further improve on the method with 
regards to the reduction of harmonic due to the inversion process in the grid 
connected PV system.    
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